Background: This study describes the association between unemployment and cause-specific mortality for a cohort of working-age Canadians.
Background
Socioeconomic gradients in health, disability and mortality continue to exist in developed economies, including Canada [1] . Experiences and exposures arising from labour force participation are an important potential contributor to the pervasive socioeconomic gradient in life expectancy, where workers in low-skill and low-wage occupations have higher mortality than workers in highskilled, high-wage occupations [2] [3] [4] [5] [6] . Involuntary loss of employment is one such potential exposure. A substantial body of research estimates the consequences to individual physical and mental health of (as well as behavioral responses to) exposure to unemployment [2, [7] [8] [9] [10] [11] [12] [13] . Moreover, many developed economies are experiencing their sharpest increases in unemployment in more than 50 years, renewing concerns about the impact of unemployment on the health of working age adults [14] [15] [16] [17] .
Research on the relationship between unemployment and health examines a range of hypotheses concerning pathways and mechanisms for work-related health effects, ranging from the economic consequences of job loss to the disruptions of social ties, by which involuntary loss of employment might lead to disturbance in physical and mental health and function [13, 14, 18, 19] . The evidence of health effects arising from unemployment is sufficiently robust to conclude that a portion of the association is causal: nonetheless, confirming a causal attribution of health consequences following unemployment to the direct or indirect effects of the exposure to unemployment poses a significant challenge [20] . In settings where working-age adults in poorer health are more likely to become unemployed, an association between unemployment and poor health may be primarily due to health selection into unemployment [21] . Long-duration mortality followup studies have been valuable in estimating the magnitude of potential health selection effects, by comparing mortality rates in the early follow-up period to mortality rates in a later follow-up period [7, 22] . An alternate research design contrasts the relationship between unemployment and mortality in periods of low and high unemployment, under the hypothesis that those who are unemployed during periods of low unemployment are more likely to have pre-existing ill-health than those who are unemployed during periods of high unemployment [23] .
Most developed countries use large, nationallyrepresentative population-based cohort studies of mortality to monitor population health, linking records for national census respondents to vital statistics death registrations [2, [24] [25] [26] [27] . In this study, we relied on a census-based cohort established by linking a 15% sample of 1991 census respondents to the Canadian Mortality Data Base to describe, for the first time in Canada, the association between unemployment and all-cause and cause-specific mortality for a broadly representative sample of occupationally-active adults in Canada [1] . We had three hypotheses: 1) the relative risk of all-cause mortality among the unemployed would be greater in the initial years following unemployment compared to later years, 2) the relative risk of mortality among the unemployed would be greater for causes of death which are more likely to be acute consequence of exposure (such as accidents, violence and alcohol-related causes) and 3) there would be no difference by age in the relative risk of mortality among the unemployed.
Methods

Study design
The study is based on a cohort consisting of a 15% sample of the non-institutionalized population of Canada aged 25 years and over at the time of cohort inception in 1991. The cohort was followed for mortality until the end of 2001.
Study population and study sample
The Canadian census mortality follow-up study is broadly representative of the non-institutional population of Canada in 1991 [1] . We selected cohort members from among the approximately 20% of households who completed a "long-form" census questionnaire in 1991. To ascertain date and cause of death over the follow-up period (from 4 June 1991 to 31 December 2001), we linked records for long-form census respondents to mortality records. For the specific purpose of this study, reporting on the association between unemployment and the risk of mortality, we restricted the study sample to individuals aged 30 to 69 at baseline who had worked one or more weeks in the period 1 January 1990 through 3 June 1991. This represented 1,488,800 persons who were employed on census day (826,600 men and 662,200 women), and 110,800 who were unemployed (61,400 men and 49,400 women).
Measures
In this report, we describe the relationship between unemployment and mortality by occupational categories, where occupations were grouped into five ordinally-ranked occupational skill levels (professional, managerial, skilled/ technical/supervisory, semi-skilled, unskilled) based on the 1990 National Occupational Classification [28] . We also describe the relationship between unemployment and mortality according to baseline age, marital status, immigration status, educational attainment, and industry.
The underlying cause of death is coded to the World Health Organization's International Classification of Diseases, Ninth Revision (ICD-9) [29] for deaths occurring in the period 1991 through 1999, and to the Tenth Revision (ICD-10) [30] for deaths occurring in 2000 or 2001. We classified causes of death as malignant neoplasms (stomach, lung, intestine and rectum, other cancers), circulatory diseases (acute myocardial infarction, other ischaemic heart disease, cerebro-vascular disease, other circulatory diseases), respiratory diseases, alcohol-related diseases, accidents and violence (suicide, homicide, traffic accidents, falls, other accidents and violence), and all other causes. Details of our groupings of causes of death are provided in Appendix.
Statistical analysis
For each member of the cohort, we calculated person-days of follow-up from the beginning of the study (census day, 4 June 1991) to the date of death, emigration (ascertained from the name file and known for 1991 only), or end of the study (31 December 2001) . Person-days of follow-up were then divided by 365.25 to get person-years at risk.
Age-standardized mortality rates were calculated by the direct method, with 1991 mid-year population estimates used as the standard population. We used cox proportional hazards models to estimate mortality hazard ratios comparing the unemployed to the employed. Models were estimated for all-cause and cause-specific mortality. Men and women were modelled separately. Models were also estimated for two consecutive periods of follow-up time (1991-1996, and 1997-2001 ) and for four age groups (30-39, 40-49, 50-59, 60-69 years at baseline). All models were estimated first with ageadjustment only (age in years), and then adjusted for age, marital status, immigration status, occupational skill level, educational attainment, and industry.
The Canadian census mortality follow-up study was approved by the Statistics Canada Policy Committee and was reviewed and approved by the Health Sciences I Research Ethics Board of the University of Toronto. At the time analyses reported in this paper were conducted, access to Canadian census mortality follow-up study database was restricted to employees or deemed employees of Statistics Canada.
Results
The rate of unemployment in 1991 in this cohort of occupationally-active adults aged 30-69 was 6.9% for men and 6.9% for women. For both men and women, the percentage of the labour force unemployed on census day was higher among persons with lower levels of occupational skill, lower levels of educational attainment and more recent immigration to Canada (Tables 1 and 2 ).
Compared to persons who were employed on census day, the age-adjusted hazard ratio for all-cause mortality over the eleven-year follow-up period for persons unemployed on census day in 1991 was 1.37 for men (95% confidence interval (CI): 1.32-1.41) ( Table 3 ) and 1.27 for women (95% CI: 1.20-1.35) ( Table 4 ). For both men and women, the age-adjusted hazard ratio for all-cause mortality in the first six years of follow-up (1991) (1992) (1993) (1994) (1995) (1996) was equivalent to the age-adjusted hazard ratio in the last five years of follow-up (1997) (1998) (1999) (2000) (2001) .
Compared to men who were employed on census day, age-adjusted hazard ratios for unemployed men over the eleven-year follow-up period were elevated for deaths due to malignant neoplasms (1.24, 95% CI: 1.18-1.31), circulatory diseases (1.22, 95% CI: 1.14-1.30), respiratory diseases (1.45, 95% CI: 1.21-1.74), accidents and violence (1.94, 95% CI: 1.78-2.12), and all other causes (1.59, 95% CI: 1.46-1.73) ( Table 3 ). For specific causes of accidental and violent death, eleven-year age-adjusted hazard ratios for unemployed men were significantly elevated for suicide, homicide, motor vehicle accidents, falls and other accidental causes of death. The age-adjusted hazard ratio for alcohol-related diseases was also elevated for unemployed versus employed men (2.25, 95% CI: 1.86-2.71). These risk estimates were moderately attenuated following additional adjustment for occupational skill level, educational attainment, marital status, year of immigration, and industry sector.
Compared to women who were employed on census day, age-adjusted hazard ratios for unemployed women were elevated for deaths due to malignant neoplasms (1.10, 95% CI: 1.02-1.19), circulatory diseases (1.39, 95% CI: 1.22-1.58), respiratory diseases (1.61, 95% CI: 1.20-2.15), accidents and violence (1.73, 95% CI: 1.43-2.08), and all other causes (1.63, 95% CI: 1.41-1.89) ( Table 4 ). For specific accidental and violent causes of death, eleven-year age-adjusted hazard ratios for unemployed women were significantly elevated for suicide, falls and other accidental causes of death. The age-adjusted hazard ratio for alcohol-related diseases among unemployed women was also elevated relative to the employed (2.31, 95% CI: 1.56-3.42). These risk estimates were moderately attenuated following additional adjustment for occupational skill level, educational attainment, marital status, year of immigration, and industry sector.
For both unemployed men and unemployed women, hazard ratios for all-cause mortality were equivalently elevated over the two consecutive multi-year follow-up periods (1991-1996 and 1997-2001) in both age-adjusted and fully-adjusted models. Table 5 reports hazard ratios for unemployed men and women for all-cause and cause-specific mortality for four age groups. For both men and women, there was a distinct attenuation of the mortality hazard ratio associated with unemployment at older ages. At baseline ages 60-69, the fully adjusted hazard ratios for all-cause mortality among the unemployed were not statistically different from the employed. However, at all ages, unemployed men had elevated mortality hazard ratios due to alcohol-related disorders and accidental and violent causes of death.
Discussion
This study describes the incidence of mortality over an eleven-year follow-up period for a cohort established in 1991-a time of historically high unemployment in Canada. During the 1990-1992 recession, the unemployment rate increased from 7.1% in 1989 to 9.8% in 1991 and remained above 9% through 1994 [31] .
For both men and women in this cohort, the ageadjusted relative risk of all-cause mortality in the first six years of follow-up was equivalent to that in the last five years of follow-up. The study's first hypothesis, that the relative risk of all-cause mortality among the unemployed would be greater in the initial years following unemployment compared to later years was not supported.
The study's second hypothesis was that the relative risk of mortality among the unemployed would be greater for those causes of death more likely to arise as a result of an acute consequence of exposure to unemployment. This hypothesis was partially supported. For both men and women, the relative risks of death due to accidents, violence and alcohol-related diseases were greater than the relative risks of death due to malignant neoplasms, circulatory or respiratory diseases. However, there was no attenuation of relative risks comparing the first and second multi-year follow-up periods for causes of death that might be more likely to arise as an acute consequence of exposure to unemployment.
Finally, the study's third hypothesis, that there would be no difference by age in the relative risk of mortality among the unemployed was clearly rejected, a finding consistent with a recent meta-analysis of unemployment and all-cause mortality [13] .
The mortality risks reported in this study are generally consistent with a recently published long-duration followup study of 50,000 Swedish men born in 1949-1951 that had access to selected measures of health behaviors and psychological health status obtained at time of compulsory military conscription testing at age 20 [21] . Employment status was ascertained over the period 1990-1994, when subjects were 40 years of age, with a nine-year follow-up for mortality (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (adjusted relative risk 2.35, 95% CI 1.67-3.34) but not in Germany (adjusted relative risk 1.42, 95% CI: 0.98-2.04) [32] . The authors suggest that the higher risk of mortality for the unemployed in the United States compared with those in Germany may be related to differences between the two countries in employment protections, such as unemployment insurance, and access to health services. The relatively moderate mortality risk associated with unemployment in Canada is consistent with the hypothesis that more comprehensive social protection policies can influence population health outcomes.
Strengths and limitations
There are a number of important strengths of the Canadian census mortality follow-up study, including a very large sample broadly representative of the non-institutional adult population of Canada in 1991 and the exclusion of persons not in the labour force [13] . There are also a number of important limitations to acknowledge that are characteristic of census follow-up studies. The study did not have access to information on the duration of the unemployment episode nor information on the number of episodes of unemployment in the follow-up period. Both duration and frequency are relevant for understanding the relationship between exposure burden and health consequences and would be important to address in future research. The census questionnaire did not collect information on behavioral risk factors that would be relevant for understanding the degree to which health status may be a risk factor for subsequent unemployment and separately, a risk factor for mortality [13, 20, [32] [33] [34] . We note, however, that long-duration follow-up studies that do adjust for baseline health status only partially account for the elevated risk of mortality following unemployment. For example, an important recent meta-analysis of 42 studies estimating the association between unemployment and all-cause mortality assessed the magnitude of hazard ratios in studies that controlled for health status and studies that did not have information allowing control for health status [13] . The authors concluded that while baseline health status accounts for a portion of the association between unemployment and mortality, pre-existing health status is not the common cause of both unemployment and mortality. In interpreting the measures of mortality risk reported in our study, readers should note that the hazard ratios may be inflated relative to estimates fully adjusted for baseline health status. As a final limitation, we note that Canada's adoption in 2000 of ICD-10 for the classification of causes of death may have influenced the comparability of results over time for certain causes [35] . However, we believe the potential influence of the change in disease classification standards to be small.
Conclusions
This study measured individual employment status and followed individuals forward for 11 years to ascertain deaths. Consistent with results reported from other long-duration cohort studies with information on causespecific mortality, we observed elevated rates for causes of death that may be sensitive to acute effects of unemployment (such as suicide or deaths resulting from falls), as well as for conditions generally assumed to have long latency (such as circulatory diseases or cancer). Elevated mortality risks among unemployed persons for causes of death with both short and long latency, and the persistence over time of elevated mortality risks across many causes of death suggests that the exposure to unemployment observed in 1991 may have marked persons at risk of cumulative socioeconomic hardship [36] . The elevated risk of mortality among persons experiencing unemployment in this long-duration followup study are of moderate magnitude when compared to the United States [32] , suggesting that the influence of unemployment income security programs and universal entitlement to access to health care may buffer the potential adverse consequences of unemployment in Canada. 
